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ABSTRACT 

Statistically analysing Johnson UBVR observations of V1285 Aql during the 
three observing seasons, both activity level and behaviour of the star are discussed 
in respect to obtained results. We also discuss the variation out-of-flare due to 
rotational modulation. 83 flares were detected in U band observations of the 
season 2006. First of all, depending on statistical analyses using the Independent 
Samples t-Test, the flares were divided into two classes as the fast and the slow 
flares. According to the results of the test, there is a difference of about 73 s 
between the flare-equivalent durations of slow and fast flares. The difference 
should be the difference mentioned in the theoretical models. Secondly using 
the One Phase Exponential Association function, the distribution of the flare- 
equivalent durations versus the flare total durations was modelled. Analysing the 
model, some parameters such as Plateau, Half — Life values, the mean average 
of the flare-equivalent durations, maximum flare rise and total duration times 
are derived. The Plateau value, which is an indicator of the saturation level 
of white-light flares, was derived as 2.421±0.058 s in this model, while Half — 
Life is computed as 201 s. Analyses showed that observed maximum value of 
flare total duration is 4641 s, while observed maximum flare rise time is 1817 s. 
According to these results, although computed energies of the flares occurring 
on the surface of VI 285 Aql are generally lower than those of other stars, the 
length of its flaring loop can be higher that those of more active stars. Moreover, 
the variation out-of-flare activity was analysed with using three methods of time 
series analysis, a sinusoidal-like variation with period of 3 d . 1265 was found for 
rotational modulation out-of-flare for the first time in literature. Considering 
the variations of V-R colour, these variations must be because of some dark 
spot(s) on the surface of that star. In addition, using the ephemeris obtained 



-3 - 

from time series analyses, the distribution of the flares was examined. The phase 
of maximum mean flare occurrence rates and the phase of rotational modulation 
were compared to investigate whether there is any longitudinal relation between 
stellar flares and spots. The analyses show that there is a tendency of longitudinal 
relation between stellar flares and spot(s). Finally, it was tested whether slow 
flares are the fast flares occurring on the opposite side of the stars according 
to the direc t ion o f the observers as mentioned in the hypothesis developed by 



Gurzadian 



(119861 ) . The flare occurrence rates reveal that both slow and fast 



flares can occur in any rotational phases. 



Subject headings: methods: data analysis — methods: statistical — stars: spots - 
stars: flare — stars: individual(V1285 Aql) 
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Introduction 



Flares and flare processes observed on the surfaces of UV Ceti type stars have not 
been perfectly unders tood yet, although they are heavily studied subjects of astrophysics 



f lBenz fc Gtidel 



20101 ). In this study, we obtained large data set in UBVR bands from 
the observations of V1285 Aql. Depending on these large photometric data, which is very 
useful for a statistical analysis of the flare properties, we have obtained some remarkable 
results. Observed star, V1285 Aql, is classi fied as a UV Ce ti type star from spectral type 



dM3e in SIMBAD data base. According to 



Veeder 



(119741 ). the star seems to belong to 



the young disk population of the galaxy and is classified as a young flare star. The flare 



activit y of V1285 Aql was discove red for th e first time by 



( 1l970l ). Apart from flare activity, 



Andrews 



Shakhovskaya &: Maslennikov 



( 119881 ) showed that VI 285 Aql exhibits some 



sinusoidal- like variations out-of-flare with period of 30 s. However, later i t was found tha t 



19891 1 . 



the star exhibits the same variations with period of 1.2 and 1.4 minutes ( Andrews 
In fact, it is a debate issue whether V1285 Aql exhibits any rotational modulation, or not. 
Moreover, the period of the equatorial rotation is found to be 2 d .9, this is an other d ebate 



issue for V1285 Aql ( IDovle 



1987 



Alekseev fc Gershberg 



1997 



Messina et al. 



200lh . 



V1285 Aql was observed in U band for flare patrol in 2006, and 83 white 



flares were de t ected i n U band . Con si dering the s t udies of 



Haro fc Parsamian 



ight 



Osawa et al. 


( 


1968 


): 


Moffett 


(I 


974 


); 


Gurzadian 


described by 


Dal & Evren 


( 


201C 


), first of all, we 



(1969) 



( 119881 ) and following the method 



order to classify flares. This is becau se the classification of the flare lig ht variations is 



important due to modelling the event (IGurzadian 



1988 



Gershberg 



20051 ) . In the literature, 



white-light flare events observed on the surfaces of UV Ceti 



into two types as slo w and fast fl ares 



the other hand, both 



Oskanian 



Haro fc Parsamian 



(119691 ) and 



Moffett 



type 



1969 



stars were usually c 



Osawa et al. 



assified 



19681 ). On 



19741 ) classified flares in more than 
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two types. According t o Kunkel, the obs erved flare 



of slow and fast flares (jGershberg 



2005|). Finally 



light variations shou ld be a combination 



Dal fc Evren 



(120101 ) developed a rule, 



which is depe n ding on the ratios of flare decay times to flare rise times. According to 



Dal fc Evren 



(120101 ). if the decay time of a flare is 3.5 times longer than its rise time at 
least, the flare is a fast flare. If not, the flare is a slow flare. They demonstrated that the 
value of 3.5 is a boundary limit between the two types of flare. 



In the second step, we analysed flare data set to find general properties of f 



occurring on the surface of V1285 Aql. The method described by iDal fc Evren 



are events 



2011al ) 



was followed for these analyses. The energy limit and some timescales of the fl are events 
occurr ing on a star are as important as the types of these event. In the literature, 



Gurzadian 



(119881 ) stated about two processes as thermal and non-thermal processes, and mentioned 



that there must b e a large energy diff e rence 



Gershberg 



1972) 



Pettersen et al. 



Lacv et a 



(119841 ) and, 



j et wee n these two types of flares. M o reove r 



Wall 



(1981); 



Mavridis fc Avgoloupis 



Gershberg fc Shakhovskaya 



(1983) 



(119861 ) studied on the distributions 



of flare energy spectra of UV Ceti type stars. There are significant differences between 
energy levels of stars from different ages. Depending on the processes of Solar Flare 
Event, however, flare activity seen on the surfaces of dMe stars is generally modelled. 
This is why t he magnetic recqnnection process is accep ted as the source of the energy in 



these events (jGershberg 



2005 



Hudson fc Khan 



19971 ). According to both some models 



and observ ations, it is seen t hat some parameters of magne t ic activity can reach the 



saturation ( 



Gershberg 



Vilhu et al. 



1986 



2005 



Doyle 



Skumanich fc McGregor 



1996a 



b|). Recently, 



1986 



Dal fc Evren 



Vilhu & Rucinski 


1983 




(2011a 


) have been examined 



the distributions of flare equivalent durations versus flare total durations. In the analyses, 
the distributions of flare-equivalent durations were modelled by the One Phase Exponential 
Association function (hereafter the OPEA). In the models, it is seen that flare-equivalent 
durations can not be higher than a specific value and it is no matter how long the flare 



total duration is. According to iDal fc Evren I ( I2011af ). this level, the Plateau parameter, 
is an indicator for the saturation level of the flare process occurring on the surface of the 
program stars in some respects. In fact, white-light flares are detected in some lar ge active 



regions such as compact an d two-ribbon flares occurring on the surface of the Sun ( iRodono 



1990 



Benz fc Giidel 



20101 ). It is possibly expected that the energies or the flare-equivalent 



durations of white-light flares can reach the saturation. 

Moreover, it is well known that some samples of UV Ceti stars exhibit sinusoidal-like 
variation s out-of-flare activity . The stars such as, EV Lac, V1005 Ori are well known 



samples ( IDal fc Evren 



2011bf ). In this respect, apart from the flare patrol, V1285 Aql 
was observed in BVR bands from 2006 to 2008 in order to examine whether there is any 
sinusoidal- like variation due to rotational modulation. The variation out-of-flare activity 
was analysed with using three different methods of the time series analyses. In fact, a 
sinusoidal-like variation due to rotational modulation was found out-of-flare activity. 



2. Observations and Analyses 
2.1. Observations 

The observations were acquired with a High-Speed Three Channel Photometer attached 
to the 48 cm Cassegrain type telescope at Ege University Observatory. Observations were 
grouped in two schedules. Using a tracking star in second channel of the photometer, flare 
observations were only continued in standard Johnson U band with exposure times between 
7 and 10 seconds. The second observation schedule was used for determining whether there 
is any variation out-of-flare. Pausing flare patrol of program stars, we observed the star 
once or twice a night, when they were close to the celestial meridian. The observations in 
this schedule were made with the exposure time of 10 seconds in each band of standard 
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Johnson BVR system, respectively. These observations were continued from the season 
2006 to 2008. The same comparison stars were used for both types of observations. 

Some properties of V1285 Aql and its comparisons are listed in Table 1. Standard V 
magnitudes and B-V colour indexes obtained in this study are given in Table 1. Although 
V1285 Aql and its comparison stars are very close to one another on the celestial plane, 
differential extinction corrections were applied. The extinction coefficients were obtained 
from observations of the comparison stars on each night. Moreover, the comparison 
stars were observed with the standard stars in their vicinity and the reduced differential 
magnitudes, in the sense of variable minus compari son star s , were transformed to the 



standard system using the procedu res described by 



were chosen from the catalogues of 



Landolt 



Hardie 



(119621 ). The standard stars 



(119921 ). Heliocentric corrections were applied 



to the times of the observations. The standard deviations of observation points acquired 
in the standard Johnson UBVR bands are about m .015, m .009, m .007 and m .007 on 
each night, respectively. To compute the standard deviations of observations, we used the 
standard deviations of the reduced differential magnitudes in the sense comparisons (CI) 
minus check (C2) stars for each night. There is no variation in the standard brightness of 
the comparison stars. The flare patrol of V1285 Aql was continued for 32 nights between 
May 5, 2006 and August 25, 2006. 83 flares were detected in this U band patrol. 



Gershberg 



(Il972l ) developed a method for calculating flare energies. Flare-equivalent 



durations and energies were calculated using Equations (1) and (2) of this method, 



[(I flare ~ I )/I ]dt 



where Iq is the intensity of the star in the quiescent level and Ifi ar e is the intensity during 
flare, and 
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E = PxL 



(2) 



where E is the flare energy, P is the flare-equivalent duration, and L is the luminosity of 
the stars in the quiescent level in the Johnson U band. 

Some parameters such as HJD of flare maximum time, flare rise and decay times 
(s), amplitude of flare (mag), and flare-equivalent duration (s) were calculat ed for each 



flare. The procedure followed in the computations was described in detail by 



Dal&Evren 



(120101 ). In brief, it is more important to note that the brightness of a star without a flare 
was taken as a quiescent level of the brightness of this star on each night. Considering this 
level, all flare parameters were calculated for each night. If a flare has a few peaks, both 
the maximum time and amplitude of the flare were calculated from the first highest peak. 
All calculated parameters are listed in Table 2 for 83 flares. The observing date, HJD of 
flare maximum time, flare rise and decay times (s), flare total duration (s), flare amplitude 
in U band (mag), U-B colour index (mag), flare energy (erg) and flare type are listed in 



the co lumns of the table, respectively. Although it was explained in detail by 



Dal&Evren 



(120101 ). more important second note is that the flare-equivalent durations were used in the 



analyses due to the luminosity term (L) in Equation (2), in stead of flare energies. 

When the observed flares are examined, it is seen that almost each flare has a distinctive 
light variation shape (Figures 1-4). In these figures, the horizontal dashed lines represen t 



the level of quiescent brightness. According to the rule described by 



Dal fc Evren 



feoiol), 



the flare shown in Figure 1 is a samp l e of 



event in the classification of 



Moffett 



ast flare. This type flare is classified flare 



(119741 ). According to 



Dal fc Evren 



(120 10h . the flares 



shown in Figure 2 and 4 are two samp 



classified as classical flares by 
flare sample. 



Moffett 



es o 



the fast flares, while these flares could be 



(119741 ). and the flare shown in Figure 3 is a complex 
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2.2. Fast and Slow Flares 



Following the method used by iDal fc Evren I ( 120101 ) . all detected flares were analysed 
to examine whether the limit ratio (3.50) is acceptable for the flares detected from V1285 
Aql. Thus, using new-large data set, we have tested whether the value of 3.50 is a general 
limit, or not. First of all, in the analyses, we compared the equivalent durations of flares, 
whose rise times are equal. For instance, there are 16 flares, whose rise times are 15 s. The 
average of their equivalent durations is 15.026 s. Apart from these 16 flares, there are 5 
other flares, whose rise times are similarly 15 s. However, the average of their equivalent 
durations is 5.454 s for these 5 flares. The main difference of these two example groups is 
seen in the shapes of the light curves. Finally, we found 48 flares with higher energy and 35 
flares with lower energy among 83 flares detected from VI 285 Aql. 



I n the analyses, the Indep endent Samples t-Test (hereaft er t-Test) (IWall fc Jenkins 



2003 



Dawson fc Trapp 



GrahpPad Prism V5.02 flMotulskv 



2004T) was used in the SPSS V17.0 f lGreen et al. 



19991 ) and 



20071 ) softwares in order to test whether these two 



groups are really independent from each other. The flare rise times were taken as a 
dependent variable in the t-Test, while the flare-equivalent durations were taken as an 
independent variable. The value of (a) is taken as 0.005, which ga ve us to test whether the 



results are statistically acceptable, or not (IDawson fc Trapp 



20041 ) . 



The mean averages of equivalent durations were compared for two groups. The mean 
average of the equivalent durations for 35 slow flares was calculated and found to be 
1.479±0.054 s, and it was found to be 2.015±0.067 s for 48 fast flares in the logarithmic 
scale. This shows that there is a difference of about 0.536 between average equivalent 
durations in the logarithmic scale. The probability value (hereafter p — value) was computed 
to test the results of the t-Test, and it was found to be p < 0.0001. Considering a value, 
this means that the result is statistically acceptable. All the results obtained from the 
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t-Test analyses are given in Table 3. 

In the second step, the distributions of the equivalent durations (logP u ) versus flare rise 
times (logT r ) were derived for both flare types. The best models for the distributions were 
searched. Using the Least-Squares Method, regression calculations showed that the best 
models of distributions are linear functions given by Equations (3) and (4). The derived 
linear fits are shown in Figure 5. 

log(P u ) = 1.150 x log(T r ) - 0.285 (3) 

log(P u ) = 0.932 x log(T r ) + 0.385 (4) 

In the next step, it was tested whether these linear functions belong to two independent 
distributions, or not. At this point, the slopes of linear functions were principally examined. 
As can be seen in Table 3, the slope of the linear function is 0.932±0.056 for slow flares, 
while it is 1.150±0.095 for fast flares. This shows that the increase in equivalent durations 
versus flare rise times for both fast and slow flares is almost parallel. When the p — value 
was calculated to test whether two fits can be statistically accepted as parallel, it was found 
to be p = 0.670. This value indicates that there is no significant difference between the 
slopes of fits, and they are statistically parallel. 

Finally, the y-intercept values of two linear fits were calculated and compared. While 
the y — intercept value is -0.385 for the slow flares, it is -0.285 for the fast flares in the 
logarithmic scale. There is a difference of about 0.100 between them. When the p — value 
was calculated for the y — intercept values to say whether there is a statistically significant 
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difference, it was found that p < 0.0001. This result indicates that the difference between 
two y — intercept values is clearly important. 

To test whether there is a difference between maximum energy levels and timescales of 
the two flare types, the distributions of the equivalent durations in the logarithmic scale 
versus flare rise times were derived. The derived distributions are shown in Figure 6. Using 
the Least-Squares Method, regression calculations showed that the averaged value of upper 
limit is 2.928±0.251 for the fast flares, while it is 2.217±0.075 for the slow flares. Moreover, 
the lengths of flare rise times for both types of flares can be compared in Figure 6. While 
the lengths of rise times for slow flares can reach to 1817 s, they are not longer than 510 s 
for fast flares. 



2.3. The One-Phase Exponential Association Models of the Distribution of 

the Flares 



In order to test whether there are any upper limits for the distributions of the 
equivalent durations (logP u ), the distributions of the equivalent durations in the logarithmic 
scale versus flare total durations were examined. Using regression calculations, the best 
model fit was identifi ed by SPSS V17 . software for this distribu tion. Analyses showed that 



the OPEA function f lMotulskv 



2007 



the best model fit. According to 



Spanier fc Oldham 



Dal & Evren 



19871 ) given by Equation (5) is 



(j2011al ). this is an expected case, and this 



demonstrated that the flares occurring on the surface of V1285 Aql have an upper limit for 
producing energy. Using the Least-Squares Method, the OPEA model of the distributions 
of the equivalent durations in the logarithmic scale versus flare total durations was derived 
by GrahpPad Prism V5.02. 
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y = y + (Plateau - y ) x (1 - e x x ) (5) 



Although the details of the OPEA function have been given by iDal fc Evren I (l2011al ). 
in brief, there are some important parameters derived from this function, which are some 
indicators for the condition of the occurring flare processes. One of them is yo, which is the 
lower limit of equivalent durations for observed flares in the logarithmic scale. In contrast 
to y , the parameter of Plateau is the upper limit. The value of y depends on the quality 
of observations as well as flare power, while the value of Plateau depends only on power 
of flares. This parameter is id entified as a saturation level for flare activity observed in U 
band by IDal fc Evren I (l2011aT ) . The derived OPEA model is shown in Figure 7, while the 
parameters of the model are listed in Table 4. The Span value listed in the table is the 
difference between the values of Plateau and yo. The Half — Life value is half of the first 
x values, where the model reaches the Plateau values for a star. In other words, it is half 
of the flare total duration, where flares with the highest energy start to be seen. Moreover, 
statistical analyses showed that maximum flare rise time obtained from these 83 flares is 
1817 s, while the maximum flare total duration is 4641 s. 

On the other hand, using the t-Test, the Plateau value derived from the model was 
tested whether the Plateau value is statistically acceptable, or not. The flares in the 
Plateau phases were only used to test. The mean average of the equivalent durations was 
computed and found to be 2.500±0.076. In fact, the Plateau value had been found to be 
2.421±0.058. Considering standard deviations of the parameters, these two parameters are 
almost equal to each other. 



13 



2.4. The Rotational Modulation Out of Flares 

In order to determining whether there is any sinusoidal-like variation due to rotational 
modulation out-of-flare, we observed the star once or twice a night for three observing 
seasons. To purify the data from any flares or flare like variations, we used U band light 
and U-B colour as an indicators. This is because the U-B colour indexes are much more 
sensitive to the flare activity on the surface of the star. If a flare is too small to be detected 
in respect to the threshold, no sing is seen in V light, B-V and V-R colours. On the other 
hand, some distinctive sign could be seen in U band light and U-B colour. According to the 
results of these controls, some data and observations were disregarded for the analyses of 
sinusoidal-like variation. 



After these eliminations, all the d ata sets in BVR bands were analysed with the method 



of Discrete Fourier Transform (DFT) (jScargle Ill982l ). The results obtained from DFT were 



tested by two other methods. One of them is CLEANest, which is another Fourier method 



((Foster 



19951 ). The s econd method is th e Phase Dispersion Minimization (PDM), which is 



a statistical method ( IStellingwerf 



19781 ). These methods confirmed the results obtained by 



DFT. Found photometric periods are 3.1269±0.0005 in B band, 3.1265±0.0005 in V band 
and 3.1268±0.0005 in R band. The photometric periods found from each sets are almost 
equal to each other. 

Usin g the ephemer is given in Equation (6), which was found from V band by the DFT 



method (JScargle 



19821 ). the phases were computed for each season of three years. The 



obtained light curves in V band and colour curves of B-V and V-R are shown in Figure 8. 



JD{Hel.)= 24 53905.49106 + 3^.1265 x E. (6) 
From the DFT models of V band, the minimum phase of sinusoidal-like variation 
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is P .47 in the season 2006, while it is P 19 for 2008 and P 51 for 2008. Although no 
variation in B-V colour curves is seen above the values of 3a for each season, there are 
some variations in the V-R. If the colour curves of V-R are considered, it is seen that the 
star gets redden toward the minimum phase of the light curves in 2006 and 2008, while 
there is not any reddening or bluer in the V-R curve in 2007. Although it seems that there 
is a variation in the V-R curves of 2007, its amplitude is close to the values of 3a, and is 
almost lower than it. Considering the mean B-V value of l m .469 and the variations in both 
light and colour curves, all these sinusoidal-like variation must be due to the rotational 
modulation of some region(s) covered by dark stellar spots. 



2.5. The Phase Distributions of the Flares 



The phases of flare maxima were computed for all flare types (together with fast and 
slow flares) with the same method used for the phases of light curves. The flare maximum 
times were used to compute the phases due to main energy emitting in this part of the flare 
light curves. In addition, the photometric periods of the stars are too long according to the 
average of flare total durations. In the second step, we computed the flare occurrence rates, 
the ratio of total flare number (£ri/) to total monitoring time (T* T t ), in intervals of .10 



phase length. Using 
Dal fc Evren I feoilbf ) 



Equation (7), we followed the method used by 



Leto et al. 



fll997f ) and 



N = En/ / ET t (7) 

The computed mean flare occurrence rates were plotted versus the rotational phase as 
a histogram. The plotted histogram is shown in Figure 9. Using the Least-Squares Method, 
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the histogram of N was analysed with the SPSS V17.0 (IGreen et al. 1119991 ) software to 
determine the phase in which Maximum Flare Occurrence Rates (hereafter MFOR) are 
seen. The analysis shows that the phase of MFOR is between the phases of P .40 - P .50 in 
the season 2006. This phase range is the same range of the minimum phase of sinusoidal-like 
variation due to rotational modulation found in the season 2006. 



Gurzadian I ( 119861 ) developed a hypothesis called Fast Electron Hypothesis, in which 
red dwarfs generate only fast flares on their surface. On the other hand, according to the 
flare region on the surface of the star in respect to direction of observer, the shapes of 
the flare light variations can be seen like a slow flare. If the scenario in this hypothesis is 
working, it is expected that the fast and slow flares should be collected into two phases in 
the light curves of UV Ceti type stars, which exhibit BY Dra Syndrome. It is also expected 
that these two phases are separated from each other with intervals of P .50 in phase. 

Then the phase distributions of fast flares were compared with the phases of slow flares 
in order to find out whether there is any separation as expected in this respect. When the 
phases of both fast and slow flares were examined one by one, it was clearly seen that both 
of them can occur in any phase. To reach a definite result, the phase distributions of both 
fast and slow flares were statistically investigated. The same method described above was 
used for these groups, too. The obtained histograms of both the fast and slow flares are 
shown in Figure 10. The histogram of the fast flares is shown in upper panel, while it is 
shown in bottom panel for the slow flares. These histograms were analysed with using the 
Least-Squares Method, the phase of MFOR was found to be P .45 for the fast flares, while 
it was found to be P .30 for the slow flares. The difference between the distributions of the 
two groups is about P .15. 
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Results and Discussion 



3.1. Flare Activity and Flare Types 



In this study, we detected 83 flares in U band observations of V1285 Aql. The samples 
of the fast and slow flares, whose rise times are equal, were determined as the suitable 
sets to analysis with using the t-Test. The results of the statistical t-Test analyses show 
that there are some distinctive differences between two data sets. The slope of the linear 
fit is 0.932 for slow flares, which are low energy flares, and it is 1.150 for fast flares, which 
are high energy flares. The values are almost close to each other. It demonstrates that 
the flare-equivalent durations versus the flare rise times increase in similar ways for both 
groups. 

When the averages of equivalent durations for two types of flares were computed in the 
logarithmic scale, it was found that the average of equivalent durations is 1.479 for slow 
flares, and it is 2.205 for fast flares. The difference of 0.536 between these values in the 
logarithmic scale is equal to the 73.384 s difference between the equivalent durations. As 
can be seen from Equation (2), this difference between average equivalent durations affects 
the energies in the same way. Therefore, there is a difference of 73.384 between the energies 
of the se two types of flares. This differen ce must be the differe nce mentioned by 



Gurzadian 



(119881 ) . On the other hand, according to 



Dal&Evren 



(120101 ) . this difference between two 



flare types is a bout 157 s. A l thoug h the value found in this study is about half of the 



value found by 
value given by 



Dal fc Evren 



Dal fc Evren 



2010), but there are several reasons for this difference. The 



20101 ) is an average derived from five f 



there are EV Lac and EQ Peg among these five stars in the study of 



are stars. Moreover, 



Dal fc Evren 



(120 id ). 



These two stars could cause some difference on the values, because they are seen to be 



dramat ically different among other stars, as seen in Figures 5 and 6 given by iDal fc Evren 



(l2011aT ) . There must be some differences in the flare processes occurring on the surfaces of 
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these stars. 

Comparing the y — intercept values of the linear fits, it is seen that there is a 0.100 
times difference in the logarithmic scale, while there is a 0.536 times difference between 
general averages. Also considering Figure 5, it is seen that equivalent durations of fast flares 
can increase more than the equivalent durations of slow flare toward long rise times. Some 
other effects should be involved in the fast flare process for long rise times. These effects 
can make fast flares seem more powerful than they actually are. 

There is another difference between these two types due to both the lengths of their 
rise times and their amplitudes. The lengths of rise times can reach to 1817 s for slow 
flares, but are not longer than 510 s for fast flares. In addition, when the flare amplitudes 
are examined for both types of flares, an adverse difference is seen contrary to rise times. 
While the amplitudes of slow flares reach to m .480 at most, the amplitudes of fast flares 
can exceed l m .430. 

Finally, computing the ratios of flare decay times to flare rise times for two types of 
flares, it is seen that the ratios do not exceed a specific value for all the slow flares. On 
the other hand, the ratios are always above this specific value for the fast flares. It means 
that the type of an observed flare can be determined by considering this value of the ratio. 



The limit value of t 



Dal fe Evren 



lis ratio is about 2.0 for the flares detected from V1285 Aql. However, 



(120 lOf ) demonstrated that the limit values of the ratio of flare decay time to 



flare rise time is 3.5. L i ke the difference seen between the values of the equivalent durations 



given by 



Dal fc Evren 



(120 101 ) and the values of the equivalent durations given in this study 
for the fast and slow flares, the limit values of the ratios of flare decay times to flare rise 
times are also different. This must be again because of the same reasons. 

Providing that the limit value of the ratios of flare decay times to flare rise times 
between flare types, the fast flare rate is 58.5% of the 83 flares observed in this study, while 
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the slow flare rate is 41.5%. It means that one o: 
one is slow flare. This result diverges from what 



Gurzadian 



every two flares is the fast flare, other 



Gurzadian 



(|l988l ) stated. According to 



(119881 ). slow flares with low energies and low amplitudes make up 95% of all 



flares, and the remainders are fast flares. 



It must be noted that comparing the correlation coefficients of the linear fits, it is seen 



that the correlation coefficie nt of the slow 
same results was revealed by iDal fc Evren 



l ares i s quite higher than the fast flares. The 



(120101 ) . The difference is due to the equivalent 



durations of fast flares taking valu es in a wide range. C onsidering the non-thermal processes 



dominated in the fast flare events, 
reconnection processes. 



Dal fc Evren 



(120101 ) tried to explain it with the magnetic 



3.2. The Saturation Level in the Detected White-Light Flare 

The distributions of flare-equivalent durations versus flare total duration were modelled 
by the OPEA function expressed by Equation (5) for 83 flares detected in U band 
observations of V1285 Aql. The regression calculations demonstrated that the best model 
function is the OPEA function for the distributions of flare-equivalent durations versus 
flare total duration. The derived model shows that flare-equivalent durations increase with 
the flare total duration until a specific total duration value, and then the flare-equivalent 
durations are constant no matter how long the flare total duration is. 

According to the OPEA model of the flares detected from V1285 Aql, observed 
flare-equivalent durations start to reach maximum value in the value of 402.2 s of the flare 
total durations (note that the Half — Life value is 201.1 s). The maximum value of the 
flare-equivalent durations is 2.421 s in logarithmic scales for the flare detected from V1285 
Aql. It means that the flare processes occurring on the surface of V1285 Aql do not generate 
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a flare more powerful than the specific value. This specific value of the flare-equivalent 
durations can be defined as a saturation level for the white-light flares occurring on the 
surface of V1285 Aql. The white -light flares oc c ur in the regions, wh ere the compact and 



two-ribbon flare events are seen (IRodono 



1990 



Benz fc Giidel 



20101 ). In the analyses, we 



used data obtained by the same method and the same optical system. In addition, we used 
the flare-equivalent durations instead of the flare energies. In fact, the derived Plateau 
values depend only on the power of the white-light flares. Considering the Plateau values, 
the flare-equivalent durations cannot be higher than a particular value no matter how long 
the flare total duration is. Instead of the flare duration, some other parameters, such as 
magnetic field flux and/or particle density in the volumes of the flare processes, must be 
more efficient in determining the power of the flares. Considering therm al and non-the rmal 



flare events, bo th these parameters can be more efficient. However, Both 



Doyle 



Doyle 



fll996af ) and 



(ll996bf ) suggested that the saturation in the active stars does not have to be related 
to the filling factor of magnetic structures on the stellar surfaces or the dynamo mechanism 
under the surface. It can be related to some radiative losses in the chromosphere, where 
the temperature and density are increasing in the case of fast rotation. This phenomenon 
can occur in the chromosphere due to the flare process instead of fast rotation, and this 
causes the Plateau phase to occur in the distributions of flare-equivalent duration versus 
flare total duration. 

On the other hand, the Plateau phase cannot be due to some radiative losses in 
the ch romosphere with increasing temperature and density. This is because 



Grinin 



( 119831 ) demonstrated the effects of radia tive loss e s in t he chromosphere on the white-light 



photometry of the flares. According to 



Grinin 



(119831 ) . the negative H opacity in the 



chromosphere causes the radiative losses, and these are seen as pre-flare dip in the ligh t 



curves of the white-light flares. Unfortunately, considering the results of 



Dal fc Evren 



( I2011af ). it is seen that the Plateau values vary from one star to the next. This indicates 
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that some parameters or their efficacies, which make the Plateau increase, are changing 



from star to star. It is seen that V1285 Aql is among i t s ana. 



Magnetic Reconnection Model developed by 



Petschek 



ogues. According to Standard 



( 119641 ). there are several important 



parameters giving shape to flare events, such as Alfven velocity (va), B, the emissivity 



of the plasma (R) and the most 



( Ivan den Oord fc Barstow 



1988 



important one, the e 



van den Oord et al. 



ectron density of the plasma (n e 



19881 ) . All these parameters are 



relate d with both heating and co o 



( 119881 ) : 



van den Oord fc Barstow 



van den Oord et al. 



ing p rocesses in a flare event. 

( 119881 ) have defined the radiative loss timescale (r^) as 
E t ijR. Here E t h is the total thermal energy, while R is emissivity of the plasma. E t h 
depends on the magnetic energy, which is defined as B 2 /8ir, and R depends on the electron 
density (n e ) of the plasma, is firmly correlated with B and n e , while r r is proportional to 
a larger loop length (£) and smaller B values. Consequently, it is seen that both the shape 
and power of a flare event depend on mainly two parameters, n e and B. 

In addition, obtained maximum flare du ration for V1285 Aql fl ares is 4641 s. This 



duration is in agreement with those found by iDal fc Evren 



(]2011al ). Observed maximum 



duration is 2940 s for EV Lac, and 3180 s for EQ Peg. The flares of both stars are 
dramatically lower than that of V1285 Aql. Maximum flare duration of V1285 Aql is 

faring loop geomet ry 



on these stars 


Reeves & Warren 


Pandev & Singh 


( 


2008 


) 



(120021 ): 



Imanishi et al. 



(2003); 



Favata et al. 



(120051 ): 



3.3. Rotational Modulation and the Flare Distributions versus Rotational 

Phase 



V1285 Aq l was observed in BVR bands apart from U band. Using the DFT method 
( IScargle 1119821 ). the data sets of BVR bands were separately and together analysed for 



-21 - 



each observing season. It was found that the photometric period of the sinusoidal-like 
variation due to rotational modulation out-of-flare is 3 d . 1269 in B band, 3 d . 1265 in V band, 
3 d . 1268 in R band. All the results obtained from the DFT method were tested by PDM 
and CLEANest methods. Examining the light variations, it is seen that the amplitudes are 
lower in some degree, but all the amplitudes are higher than the level of 3a. Besides, there 
are some variations in the colour curves, too. Considering the B-V index of V1285 Aql, 
the sinusoidal-like variation due to rotational modulation out-of-flare must be due to the 
heterogeneous temperature distribution on the surface of V1285 Aql. There must be some 
dark stellar spots on the surface. The variation of the V-R colour also supports this case. 
However, we do not see any variation above the level of 3a in the B-V colour. 

In thi s study , it was found that B-V colour i ndex is l m .469. I t was given as l m .53 by 



Pettersen 



( 119911 ). while it was given as l m .75 by 



Messina et al. 



(J200l|). Different B-V 



indexes have been given in three studies for V1285 Aql. This could be due to both the 
methods and parameters used to find B-V index. If the methods and/or parameters are 
a little bit different, the obtained B-V can be slightly different. On the other hand, the 
main reason of these differences must be the magnetic activity seen on the surface of the 
star. The level of the flare activity observed on the star is very high. Although the same 
activity level is not seen in the light curves for the stellar rotational modulation, but all 
the surface of the star could be covered by dark stellar spots. If this is the case, it means 
that the level of the magnetic activity is rather higher than it is observed in the light curves 
out-of-flares. This caused to vary the observed B-V colour indexes from one study to next. 
Apart from B-V colour in dex of the sta r, found photometric period is also a bit different 

(119871 ) . The photom etric period found in this study is 



from the period found by 



Doyle 



about 3 d . 127, while the period found by 



Doyle 



(119871 ) is 2 d .19. This difference must be due 



to the variations of the locations of the spotted area(s). It is possible that the photometric 
period might be changing because of this. 
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Using the models shown with dashed lines in Figure 8, which were derived with 
analysing of each V band data set, the minimum, maximum, mean levels and the amplitudes 
of the light curves were computed. Examining these parameters listed in Table 5, the levels 
of the brightness slowly varies season to season. The variations are slow. This must be 
because of the small developing of the structures on the surface of the star. 

There are many studies about whether the flares of UV Ceti type stars, which 

exhibit BY Dra Syndrome, are occurring at the same longitudes of stellar spots, or not 
II I 

fbal fc Evrenlboilbl ). ] laving the same longitudes of flare and spots is an expected 



case for these stars, because so 



spots are located on the Sun (IBenz fc Giidel 



ar flares are mostly o ccurring in the active regions, where 



20101 ) . In the respect of Stellar- Solar 



Connection, a result of the Ca II HhK Project of Mount Wilson Observatory (IWilson 



1978 



Baliunas et al. 



19951 ). if the areas of flar es and spots ar e relat ed on the Sun, the same 



case might be expected for the stars, 
to demonstrate this relation. Besides, 



n fact, 


Montes et al. 


f 


1996 


Leto et al. 


( 


1997 


) found a 



(119961 ) found some evidence 



rotational modulation and the phase distribution of flare occurrence rates in the same way 



for the observations in the yea r 1970. On th e other hand, no c l ear re latio n between stel 



flares a nd spots w as found by 



(12011bl ). However, 



Bopd 



Pettersen et al. 



197J); 



Pettersen et al. 



(11983 ) and 



Dal fc Evren 



ar 



(119831 ) did not draw firm conclusions because of being 



a non-uniqueness problem. 

In this study, using the method described in Section 2.5, we derived the distribution 
of flares versus rotational phase for all the flares detected in the observing season 2006. 
The derived distribution is shown in Figure 9. According to the distribution, the phase of 
MFOR is seen between P .40 and P .50. Almost 6 flares were detected per hour in this 
phase interval, while 2 flares were detected per hour at most in all other phase intervals. 
This is a more important result, because this phase interval is where the minimum phase 



-23 - 



of the sinusoidal-like variation due to rotational modulation out-of-flare is seen in the V 
band light curves of the observing season 2006. The phase of the sinusoidal-like variation is 
P 47. 



Using the inverse Compton event, iGurzadian I (119861 ) developed the Fast Electron 
Hypothesis. According to this hypothesis, UV Ceti type stars should generate only fast 
flares on their surface. However, the shapes of the flare light var iations can be seen like 



19861 ). According to the Fast 



a slow flare in respect to direction of observer (IGurzadian 
Electron Hypothesis, it should be expected that both the fast and slow flares get groups, 
wh ich are separa t ed P .5 from each other. In this study, using the method described 



by 



Dal&Evren 



( l2011bl ). 48 fast and 35 slow flares were defined and their phases were 
computed. As seen from the analyses, the slow flares occur more frequently around P .30, 
while the fast flares are occurring more frequently around P .45. Unfortunately, the 
difference between the phases of two flare types is P .15 instead of P .50. Apart from this 
unexpected value, both the fast and the slow flares occur almost all phase intervals. 

In conclusion, some parameters can be computed from flares observed in photoelectric 
photometry and if the behaviours between these parameters can be analysed by suitable 
methods, flare types can be determined. In this study, we analysed the distributions of 
equivalent durations versus flare rise times by using a t-Test. Finally, it is seen that using 
the ratios of flare decay times to flare rise times, flares can be classified. It is seen that 
there are considerable differences between these two types of flares. Moreover, analyses 
demonstrated the detected flares have some critical energy level. There is no flare, whose 
energy is much more than this level. In addition, analyses demonstrated that V1285 Aql 
exhibits stellar spot activity apart from flares. Comparing the phase distribution of the 
flares with the phase of the sinusoidal-like variation demonstrated that the flares have a 
tendency to occur in the same longitudes with stellar spots. On the other hand, according 
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to the statistical analyses, the slow flares and fast flares are not separated with some definite 
rules from each other. In this respect, extending the B-V range of observed stars, required 
to obtain more data, which should be obtained from many different stars and flare patrols 
spanning many years, in order to obtain more reliable results. 

The authors acknowledge generous allotments of observing time at the Ege University 
Observatory. We thank the staffs working at EUO. We thank the referee for useful 
comments that have contributed to the improvement of the paper. We also thank Professor 
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manuscript. 
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Fig. 1. — A flare light curve sample for fast flares obtained from U-band observations of 
V1285 Aql on 2006, May 21. 



-30 - 



1 .20 



.00 



0.80 - 



0.60 



0.40 - 




0.20 



0.458 



0.472 



0.486 
HJD (+24 53904) 



0.500 



0.51 4 



Fig. 2. — A flare light curve sample for fast flares obtained from U-band observations of 
V1285 Aql on 2006, June 17. 
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Fig. 3. — A flare light curve sample for fast flares obtained from U-band observations of 
V1285 Aql on 2006, July 21. 
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Fig. 4. — A flare light curve sample for fast flares obtained from U-band observations of 
V1285 Aql on 2006, July 21. 
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Fig. 5. — Distributions for the mean averages of the equivalent durations (logP u ) vs. flare 
rise times (logT r ) in the logarithmic scale. In the figure, open circles represent slow flares, 
while filled circles show the fast flares. Lines represent fits given in Equations (3) and (4). 
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Fig. 6. — Distributions of the equivalent durations (logP u ) in the logarithmic scale vs. flare 
rise times (T r ) for all 83 flares detected in observations of program stars. In the figure open 
circles represent slow flares, while filled circles show the fast flares. 
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Fig. 7. — Distributions of flare-equivalent duration on a logarithmic scale vs. flare total 
duration. Filled circles represent equivalent durations computed from flares detected from 
V1285 Aql. The line represents the model identified with Equation (5) computed using the 
least-squares method. The dotted lines represent 95% confidence intervals for the model. 
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Fig. 8. — V band light and B-V and V-R colour curves obtained in this study are seen for 
three data sets composed from the observations of VI 285 Aql. a) Observing season 2006, b) 
Observing season 2007, c) Observing season 2008. In the panels of the light curves, dashed 
lines represent the fits derived from the Discrete Fourier Transform. 
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Fig. 9. — The mean flare occurrence rates versus rotational phase are demonstrated for all 
V1285 Aql flares observed in the season 2006. In the figure, the line shows the histogram 
of mean flare occurrence rates computed in intervals of 0.10 phase length. All 83 flares 
(combining the fast and slow flares together) were counted in the calculation. 



-38 - 



6.00 



4.00 - 



2.00 



0.00 



a) Fast Flares 



0.00 



0.20 0.40 0.60 
Phase 



V1285 Aql 



0.80 1.00 



2.00 



1 .50 



1.00 



u 0.50 

o 



0.00 



b) Slow Flares 



0.00 



0.20 0.40 0.60 
Phase 



V1285 Aql 



0.80 1.00 



Fig. 10. — The mean flare occurrence rates versus rotational phase are demonstrated for the 
V1285 Aql flares observed in the season 2006. In the figures, the lines show the histograms 
of mean flare occurrence rates computed in intervals of 0.10 phase length. The histogram of 
the fast flares is shown in upper panel, while it is shown for the slow flares in bottom panel. 
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Table 1: Basic parameters for the star studied and its comparison (CI) and check (C2) stars. 

Stars V (mag) B-V (mag) 

V1285 Aql 10.142 1.469 

CI = BD +08 3899 9.651 1.137 
C2 = BD +08 3900 9.994 1.410 
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Table 2. The parameters derived from analyses of the detected flares. 



Observing HJD of Flare 
Maximum 
Date (+24 00000) 



Rise Decay Total 
Time Time Duration 

(s) (s) (s) 



Equivalent Flare 
Duration Amplitude 
(s) (mag) 



Flare Flare Flare 

U-B Energy 
(mag) (erg) Type 



19.05.2006 


53875.53888 


32 


32 


64 


15.06684 


0.357 


0.095 


7.10348E+30 


Slow 


21.05.2006 


53877.47941 


30 


20 


50 


9.54445 


0.477 


0.073 


4.49987E+30 


Slow 


21.05.2006 


53877.50898 


350 


1157 


1507 


418.16843 


0.462 


-0.043 


1.97152E+32 


Fast 


26.05.2006 


53882.46588 


10 


50 


60 


17.16708 


0.353 


0.122 


8.09367E+30 


Fast 


26.05.2006 


53882.46901 


30 


80 


110 


19.68734 


0.259 


0.203 


9.28188E+30 


Fast 


26.05.2006 


53882.47190 


10 


10 


20 


4.82332 


0.417 


0.057 


2.27402E+30 


Slow 


26.05.2006 


53882.48450 


10 


20 


30 


5.07340 


0.289 


0.170 


2.39193E+30 


Fast 


26.05.2006 


53882.48902 


20 


40 


60 


7.63124 


0.359 


0.147 


3.59786E+30 


Fast 


30.05.2006 


53886.36985 


20 


70 


90 


20.72296 


0.341 


0.065 


9.77014E+30 


Fast 


30.05.2006 


53886.37100 


30 


70 


100 


19.67298 


0.230 


0.268 


9.27511E+30 


Fast 


30.05.2006 


53886.37228 


10 


10 


20 


4.85286 


0.438 


0.080 


2.28795E+30 


Slow 


30.05.2006 


53886.37575 


10 


30 


40 


15.19447 


0.370 


0.033 


7.16365E+30 


Fast 


30.05.2006 


53886.37887 


20 


40 


60 


19.41469 


0.317 


0.116 


9.15334E+30 


Fast 


30.05.2006 


53886.38026 


80 


90 


170 


48.04427 


0.461 


-0.041 


2.26512E+31 


Slow 


30.05.2006 


53886.40733 


90 


50 


140 


37.68882 


0.453 


0.059 


1.77689E+31 


Slow 


30.05.2006 


53886.41347 


50 


130 


180 


25.92122 


0.274 


0.210 


1.22209E+31 


Fast 


17.06.2006 


53904.37813 


180 


1291 


1471 


306.95989 


0.282 


-0.072 


1.44721E+32 


Fast 


17.06.2006 


53904.39776 


30 


45 


75 


12.57656 


0.328 


0.197 


5.92940E+30 


Slow 


17.06.2006 


53904.39984 


60 


30 


90 


15.51715 


0.350 


0.167 


7.31579E+30 


Slow 


17.06.2006 


53904.40366 


15 


30 


45 


7.49366 


0.281 


0.151 


3.53300E+30 


Fast 


17.06.2006 


53904.40922 


195 


135 


330 


44.64127 


0.241 


0.252 


2.10468E+31 


Slow 


17.06.2006 


53904.41338 


30 


45 


75 


10.39874 


0.251 


0.215 


4.90264E+30 


Slow 


17.06.2006 


53904.46263 


15 


105 


120 


12.07430 


0.221 


0.336 


5.69260E+30 


Fast 


17.06.2006 


53904.46437 


30 


75 


105 


11.53398 


0.305 


0.230 


5.43786E+30 


Fast 


17.06.2006 


53904.46680 


15 


15 


30 


2.92073 


0.234 


0.228 


1.37702E+30 


Slow 


17.06.2006 


53904.46923 


30 


105 


135 


14.06378 


0.227 


0.283 


6.63057E+30 


Fast 


17.06.2006 


53904.47131 


30 


90 


120 


10.98540 


0.204 


0.277 


5.17923E+30 


Fast 


17.06.2006 


53904.47589 


276 


2632 


2908 


2107.73499 


1.437 


-0.745 


9.93722E+32 


Fast 


18.06.2006 


53905.33006 


165 


135 


300 


70.78081 


0.411 


0.093 


3.33706E+31 


Slow 


18.06.2006 


53905.33474 


270 


885 


1155 


272.17565 


0.397 


0.135 


1.28321E+32 


Fast 
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Table 2 — Continued 



Observing HJD of Flare Rise Decay Total Equivalent Flare Flare Flare Flare 

Maximum Time Time Duration Duration Amplitude U-B Energy 
Date (+24 00000) (s) (s) (s) (s) (mag) (mag) (erg) Type 



18.06.2006 


53905.35978 


15 


30 


45 


7.19677 


0.349 


0.160 


3.39302E+30 


Fast 


18.06.2006 


53905.36047 


30 


90 


120 


22.84462 


0.254 


0.244 


1.07704E+31 


Fast 


18.06.2006 


53905.36204 


15 


90 


105 


13.29829 


0.291 


0.216 


6.26967E+30 


Fast 


18.06.2006 


53905.36796 


30 


30 


60 


9.75576 


0.318 


0.168 


4.59949E+30 


Slow 


18.06.2006 


53905.37533 


15 


30 


45 


15.85617 


0.354 


0.153 


7.47562E+30 


Fast 


18.06.2006 


53905.38783 


795 


495 


1290 


190.68324 


0.190 


0.229 


8.99004E+31 


Slow 


18.06.2006 


53905.39862 


15 


60 


75 


17.70708 


0.387 


0.076 


8.34826E+30 


Fast 


18.06.2006 


53905.40060 


30 


30 


60 


12.71769 


0.258 


0.181 


5.99594E+30 


Slow 


21.06.2006 


53908.33621 


30 


90 


120 


14.55190 


0.299 


0.153 


6.86070E+30 


Fast 


21.06.2006 


53908.33743 


15 


105 


120 


16.35125 


0.241 


0.158 


7.70903E+30 


Fast 


21.06.2006 


53908.33899 


15 


45 


60 


6.98155 


0.331 


0.196 


3.29155E+30 


Fast 


21.06.2006 


53908.33986 


30 


30 


60 


9.38434 


0.299 


0.154 


4.42438E+30 


Slow 


21.06.2006 


53908.34055 


15 


30 


45 


7.28724 


0.288 


0.189 


3.43567E+30 


Fast 


21.06.2006 


53908.34107 


15 


15 


30 


5.41634 


0.314 


0.134 


2.55361E+30 


Slow 


21.06.2006 


53908.34142 


15 


15 


30 


4.51176 


0.395 


0.092 


2.12713E+30 


Slow 


21.06.2006 


53908.34194 


15 


30 


45 


4.16976 


0.268 


0.201 


1.96589E+30 


Fast 


21.06.2006 


53908.34368 


30 


15 


45 


6.69016 


0.390 


0.088 


3.15417E+30 


Slow 


21.06.2006 


53908.34437 


15 


90 


105 


14.64679 


0.289 


0.166 


6.90544E+30 


Fast 


21.06.2006 


53908.34559 


15 


15 


30 


7.04872 


0.349 


0.095 


3.32322E+30 


Slow 


21.06.2006 


53908.34732 


60 


30 


90 


13.51126 


0.296 


0.202 


6.37008E+30 


Slow 


21.06.2006 


53908.34819 


45 


15 


60 


6.55336 


0.372 


0.173 


3.08968E+30 


Slow 


21.06.2006 


53908.37044 


75 


405 


480 


142.99419 


0.728 


-0.210 


6.74167E+31 


Fast 


21.06.2006 


53908.44178 


1817 


2824 


4641 


229.22026 


0.171 


-0.022 


2.30310E+32 


Slow 


21.06.2006 


53908.48645 


150 


405 


555 


110.87499 


0.434 


0.066 


5.22736E+31 


Fast 


21.06.2006 


53908.49322 


75 


195 


270 


39.24736 


0.368 


0.154 


1.85037E+31 


Fast 


27.06.2006 


53914.35370 


360 


450 


810 


109.39455 


0.293 


0.319 


5.15756E+31 


Slow 


27.06.2006 


53914.37720 


90 


120 


210 


46.60488 


0.322 


0.242 


2.19725E+31 


Slow 


27.06.2006 


53914.41381 


75 


465 


540 


80.08406 


0.363 


0.239 


3.77568E+31 


Fast 


27.06.2006 


53914.45440 


150 


390 


540 


95.19813 


0.332 


0.212 


4.48825E+31 


Fast 


28.06.2006 


53915.45427 


15 


135 


150 


23.80623 


0.464 


0.140 


1.12238E+31 


Fast 
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Table 2 — Continued 



Observing 


HJD of Flare 


Rise 


Decay 


Total 


Equivalent 


Flare 


Flare 


Flare 


Flare 




Maximum 


Time 


Time 


Duration 


Duration 


Amplitude 


U-B 


Energy 




Date 


(+24 00000) 


(s) 


(s) 


(s) 


(s) 


(mag) 


(mag) 


(erg) 


Type 


OQ nfi 900fi 


ooyio.'iijyoy 


1 uo 


uyo 


i Ann 

14UU 


1 fi3 ^O^OQ 

luo.ououy 


n ^on 
u.oyu 


n 1 ^7 

U. lu 1 


7 fiQQI fiP4_^1 


OlOW 


91 07 900fi 




O-LU 


1 79fi 

-L 1 ZU 


2236 


7«cr fifi«Q9 


n 891 
u.ozi 




o.uuyoui^^oz 


r asi 


91 07 900fi 


t^Q^S AA^AR 


1 ^ 


on 
yu 


i n^ 

1UO 


1 7 QfiQA9 


n An9 


122 




r asi 


91 07 900fi 


c;qqqq A^^^fi 


^n 


970 


^nn 

OUU 


1 07 7Q^S7 
iu / . < yoo i 


n s^i 

U.OOl 


-u.ozo 


k nsoi nP-i-^i 


Fast 


OQ f|7 900fi 


^QAO 3AA00 

joy'iU.O'i'iUU 


1 ^ 


OU 


io 


p. A7Q1 1 

o.*± / yii 


n ^nzL 

U.OU^i 


249 


q n^4R7P-u^n 


Fast 


Zo.U i .ZUUO 


Ooy^U.OOZoD 


^n 




7^ 


7 1 Q1 fil 

i . iy idi 


n ^Ri 

U.OOl 


n 9^n 
u. zou 


o.oyuoyizj-rou 


oiow 


OQ 07 900fi 


ooy^tu.oooDo 


1 ^n 




7^A 

/ o^± 


79. Sfi^fiO 


n 

U.000 


n 1 41 

U. l^il 


o. / loi^izj-f-oi 


r ast. 


9^ 07 900fi 


uoyiu.ou'iou 


30 


90 


120 


1 3 ^fii fin 


0.296 


0.140 


u .oyoozizjn^ou 


Fast 


9^ 07 900fi 


joy^u.ou i uo 


30 


15 


45 


fi 34949 


0.251 


0.143 


9 QQn9^F,4-^n 
z . yyuzoizjn^ou 


Slow 


23.07.2006 


53940.37350 


30 


30 


60 


7.77530 


0.220 


0.182 


3.66578E+30 


Slow 


23.07.2006 


53940.37559 


45 


30 


75 


13.49058 


0.263 


0.232 


6.36033E+30 


Slow 


27.07.2006 


53944.34396 


15 


195 


210 


54.53049 


0.368 


0.213 


2.57092E+31 


Fast 


27.07.2006 


53944.34743 


60 


60 


120 


24.11020 


0.388 


0.244 


1.13671E+31 


Slow 


27.07.2006 


53944.34951 


30 


300 


330 


73.31641 


0.366 


0.324 


3.45661E+31 


Fast 


27.07.2006 


53944.35368 


15 


30 


45 


14.56958 


0.410 


0.185 


6.86904E+30 


Fast 


27.07.2006 


53944.36449 


60 


270 


330 


80.76671 


0.517 


0.053 


3.80786E+31 


Fast 


27.07.2006 


53944.37213 


30 


90 


120 


47.89915 


0.574 


0.098 


2.25828E+31 


Fast 


29.07.2006 


53946.36976 


45 


60 


105 


16.50538 


0.288 


0.231 


7.78170E+30 


Slow 


29.07.2006 


53946.42235 


45 


15 


60 


7.88789 


0.291 


0.179 


3.71886E+30 


Slow 


29.07.2006 


53946.42373 


45 


120 


165 


22.43408 


0.277 


0.233 


1.05769E+31 


Fast 


29.07.2006 


53946.42651 


30 


15 


45 


8.10063 


0.344 


0.191 


3.81916E+30 


Slow 


02.08.2006 


53950.34266 


30 


90 


120 


19.39572 


0.352 


0.133 


9.14439E+30 


Fast 


02.08.2006 


53950.35061 


15 


15 


30 


7.37094 


0.328 


0.147 


3.47514E+30 


Slow 
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Table 3: For both fast and slow flares whose rise times are the same. The results obtained 
from both the regression calculations and the t-Test analyses performed to the mean averages 
of the equivalent durations (logP u ) versus flare rise times (logT r ) in the logarithmic scale are 
listed. 



Flare Groups : 


Slow Flare 


Fast Flare 


Best Representation Values 






Slope : 


0.932±0.056 


1.150±0.095 


y — intercept when x = 0.0 : 


-0.385±0.096 


-0.285±0.151 


x — intercept when y — 0.0 : 


0.414 


0.248 


Mean Average of All Y Values 






Mean Average : 


1.479 


2.015 


Mean Average Error : 


0.054 


0.067 


Goodness of Fit 






r 2 : 


0.896 


0.761 


Is slope significantly non-zero? 






p — value : 


< 0.0001 


< 0.0001 


Deviation from zero? : 


Significant 


Significant 
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Table 4: Using the Least-Squares Method, the parameters were obtained from the OPEA 
function. 



Parameter 


Value 


Error 


Vo 


0.656 


0.048 


Plateau 


2.421 


0.058 


k 


0.003447 


0.000365 


Tau 


290.1 




Half — Life 


201.1 




Span 


1.765 


0.064 



Table 5: The maximum, minimum, mean brightness levels and amplitudes of V band light 
curves obtain ed with using th e light elements given in Equation (6), which was found by the 



DFT method 



Scargle 



Jl982j). 



Observing 




Vmax 


^mean 


Amplitude 


Season 


(mag) 


(mag) 


(mag) 


(mag) 


2006 


10.164 


10.137 


10.152 


0.027 


2007 


10.152 


10.128 


10.139 


0.024 


2008 


10.158 


10.115 


10.135 


0.043 



